The local structural distortions arising as a consequence of increasing Mn content in Ni 2 Mn 1+x In 1−x (x=0, 0.3, 0.4, 0.5 and 0.6) and its effect on martensitic transformation have been studied using Extended X-ray Absorption Fine Structure (EXAFS) spectroscopy. Using the room temperature EXAFS at the Ni and Mn K-edges in the above compositions, the changes associated with respect to the local structure of these absorbing atoms are compared. It is seen that in the alloys exhibiting martensitic transformation (x ≥ 0.4) there is a significant difference between the Ni-In and Ni-Mn bond lengths even in the austenitic phase indicating atomic volume to be the main factor in inducing martensitic transformation in Ni-Mn-In Heusler alloys.
Non stoichiometric Ni-Mn-Z (Z = Sn and In) alloys exhibiting martensitic transformation in ferromagnetic state have been studied for their many novel properties. These alloys exhibit giant reverse magneto-caloric effect [1] [2] [3] [4] [5] [6] [7] , large magnetic field induced strains [8] [9] [10] , magnetic superelasticity [11] due to improved possibility of driving structural transformation by magnetic fields.
The martensitic transformation in these alloys has been a subject of debate in literature. Stoichiometric Ni 2 MnIn has a stable L2 1 crystal structure. Increasing substitution of
In by Mn leads to martensitic instability with the transformation temperature T M steadily increasing with Mn concentration [12] . A simplistic explanation for such a behavior is the increase in electron per atom (e/a) ratio. However, this is not entirely convincing as NiMn-In alloys have higher T M than Ni-Mn-Sn alloys for a given Mn content inspite of the former having lower e/a ratio. Another interpretation that has emerged, after systematic studies on Ni 2 Mn 1+x Z 1−x with Z = Ga, In, Sn and Sb is based on the atomic volume or the chemical pressure effect. According to this, the martensitic transformation occurs in alloys having austenitic lattice parameter, a cubic ≈ 6.0Å or less [13] . This is important because the magneto-thermal and magneto-mechanical properties of these alloys have the same physical origin. The magnetic shape memory and magnetocaloric properties of these alloys are strongly connected to the martensitic transition. There exists an intimate relationship between structural and magnetic degrees of freedom in these alloys. Therefore there is a need to understand details of martensitic transformation to gain an insight of the magneto structural relationship and thereby into microscopic principles governing magnetic shape memory effect and magnetocaloric effect.
Recent EXAFS studies on Ni 50 Mn 35 Sn 15 [14] and Ni 50 Mn 35 In 15 [15] reveal a possibility of existence of local structural distortions even in the austenitic phase. However, in these studies there was no comparison made with stoichiometric alloys or compositions that do not undergo martensitic transformation. Therefore it is still not clear if the effect of Mn substitution leads only to a overall contraction of the lattice or there are some local structural distortions which play a more important role in inducing martensitic transformation.
In this letter, we focus our attention on the local structure around Ni and Mn in Ni 2 Mn 1+x In 1−x (0 ≤ x ≤ 0.6) to gain a better understanding of microscopic effects responsible for martensitic transformation these magnetic shape memory alloys.
Polycrystalline Ni 2 Mn 1+x In 1−x with x = 0, 0.3, 0.4, 0.5 and 0.6 were prepared by arc- melting the starting elements (≥ 99.99% purity) under argon atmosphere. To ensure good homogeneity, the ingots were flipped over and re-melted 4-5 times with a total weight loss of ≤ 1% and annealed at the temperature of 1000 K for 48 h in an evacuated quartz ampoule followed by quenching in ice cold water. The samples were characterized X-ray diffraction,
Energy dispersive analysis by X-rays (EDX), differential scanning calorimetry (DSC) and magnetization for their structure, composition and magnetic and martensitic properties.
EXAFS at Ni K and Mn K edges were recorded at Photon Factory using beamline 12C at room temperature. For EXAFS measurements the samples to be used as absorbers, were ground to a fine powder and uniformly distributed on a scotch tape. These sample coated strips were adjusted in number such that the absorption edge jump gave ∆µt ≤ 1 where ∆µ is the change in absorption coefficient at the absorption edge and t is the thickness of the absorber. The incident and transmitted photon energies were simultaneously recorded using gas-ionization chambers as detectors. Measurements were carried out from 300 eV below the edge energy to 1000 eV above it with a 5 eV step in the pre-edge region and 2.5 eV step in the EXAFS region. At each edge, at least three scans were collected to average statistical noise.
Data analysis was carried out using IFEFFIT [16] in ATHENA and ARTEMIS programs [17] . Here theoretical fitting standards were computed with FEFF6 [18, 19] . The data in the k range of (2 -12)Å −1 and R range 1 to 3Å was used for analysis.
Ferromagnetic ordering temperature, T c and T M obtained from magnetization and DSC measurements for the alloys along with their compositions obtained from EDX are listed in Table I . These values agree well with those reported in literature [12] . 8
